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ABSTRACT 

We study the glueball spectrum in the supersymmetric and non-supersymmetric 4D non- 
commutative dipole gauge theory from the holographic description. We adopt the semiclas- 
sical WKB approximation to solve the dilaton and antisymmetric tensor field equations on 
the dual supergravity backgrounds to find the analytic formula of the spectrum of 0"*"+ and 
1 glueballs, respectively. In the supersymmetric theory we see that the dipole length plays 
the intrinsic scale which reflects the discrete spectrum therein. In the non-supersymmetric 
theory, the temperature (or the radius of compactification) in there will now play the intrin- 
sic scale and we see that the dipole has an effect to produce attractive force between the 
gluons within the glueball. We also study the confining force between the quarks within the 
baryon via strings that hang into the dipole deformed AdS geometry and see that the dipole 
could also produce an attractive force between the quarks. In particular, we find that the 
baryon has two phases in which a big baryon is dual to the static string while a small baryon 
is described by a moving dual string . 
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1 Introduction 



The holographies of AdS/CFT eorrespondenee [1,2] provides a powerful method to investi- 
gate the strong coupling gauge theory in dual supergravitional description. The correspon- 
dence has been applied to investigate several problems in large Nc QCD such as the Wilson 
loop [3,4], the meson spectra/dynamics [5,6], baryon dynamics [7-9], glueball spectrum [2,10- 

14] and so on. 

In the original proposal [1] the lOD background is the AdS^ x O^. It relates to the 
comformally supersymmetric gauge theory which does not exist any mass scale to describe 
the hadronic physics and does not show confinement. Witten [2] was the first to suggest a 
reliable background which breaks both of the conformality and supersymmetry to describe 
the real physical world. In his description the AdS space is replaced by the Schwarzschild 
geometry describing a black hole in the AdS space. It was found that the Witten's su- 
pergravity background gives results that are in qualitative agreement with expectations for 
QCD at strong coupling. 

In the first path of this paper we will study the spectrum of O"*""*" and 1 glueball in the 
4D supersymmetric and non-supersymmetric non-commutative gauge field theory from the 
holographic description. The dual supergravity backgrounds are the near-horizon geometry 
of extremal D3-branes and nonextremal D4-branes, after applying T-duality and smeared 
twist, which show that a nonzero B field shall be with one leg along the brane worldvolume 
and other transverse to it. The solutions are the dipole deformed AdS^ x and dipole 
deformed Witten's supergravity background (AdS Schwarzschild spacetime ) respectively, 
which had been constructed in [15-17]. 

According to the holographies there is the correspondence between the chiral operators 
and the supergravity states [1]. For example, the operator trF^ in four dimensions corre- 
sponds to the dilaton field of supergravity in ten dimensions. Therefore the scalar glueball 
J^*^ = O^"*" in QCD which couples to trF^ is related to the dilaton propagating in the 
supergravity background and its mass is computable by solving the dilaton wave equation 
[2,10]. In a similar way, the operator d°'^'^F^F^°'^Fp^, where d"'^^ is the symmetric structure 
constant, will couple to the antisymmetric tensor field and the 1 glueball spectrum could 
be found by solving the antisymmetric tensor field wave equation [10]. 

In our analysis the semiclassical WKB approximation is adopted to solve the dilaton 
and antisymmetric tensor field equations on the supergravity background. The analytic 
formula of the spectrum of 0++ and 1 glueball are therefore obtained. We see that, 
in the supersymmetric theory the dipole length will play the intrinsic scale which rcficcts 
the discrete spectrum in the bound states of glueball. In the non-supcrsymmctric theory, 
however, the temperature (or the radius of compactification) in there will now play the 
intrinsic scale and we therefore attempt to see how the dipole will modify the discrete 
glueball spectrum. Our analysis show that the dipole has an effect to produce attractive 
force between the gluons within the glueball. 
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In the second path of this paper we will study baryon energy. We adopt the method 
in [8] to study the confining force between the quarks within the baryon via strings that 
"hang" into the dipole deformed AdS geometry. In the method of [8] the baron vertex was 
considered as the strings and fivebrane which are described in terms of separated actions. 
The method was improved by Callen et.al. [9] in which the baryon is constructed from 
the vertex that is considered as the D5 brane wrapped on an on which N fundamental 
strings terminate and they are dissolved in it [7]. The method allows an unified description 
of fivebrane and strings and provides an explicit string theory representation of the baryon 
vertex. The mathematics in Callen method is more involved and we will in this paper adopt 
the method of [8] for simplicity. 

After the evaluation we have also seen that the dipole could produce an attractive force 
between the quarks within the baryon. In particular, we find that baryon has a minimum 
radius when the dual string is a static configuration and it will transit into another phase 
which dual to the moving string configuration at short distant. 

In section II we follow [10] to analyze the glueball spectrum in 4D supersymmetric and 
non-supersymmetric dipole gauge theory. In section III we follow [8] to analyze the baryon 
energy. The last is devoted to a conclusion. 

Note that in the non-commutative dipole field theory each field $a is associated with a 
constant dipole length £„ and we define the "non-commutative dipole product" by ^a{x) * 
$6(x) = — £5/2) $5(a; + £a/2). It is a nonlocal field theory and break Lorentz invariance. 
As there is the supergravity solution which dual to the non-commutative dipole field theory 
the physical particle may has nonzero dipole length therefore. The phenomenal constrain 
on the value of dipole length has not yet been set down now. Some properties of the non- 
commutative dipole field theory have been studied in [15-18]. The noncommutative dipole 
field theories are interesting by themselves and it has a chance of finding a CP violating 
theory [18]. It is also an appropriate candidate to study the interaction of a neutral particles 
with finite dipole moments, like neutrinos, with gauge particles like photons. There are some 
experimental evidences of such interactions, which cannot be described by the commutative 
version of the standard model of particles [18]. 

2 Glueball in Dipole Field Theory 

2.1 4D Supersymmetric Dipole Field Theory 
2.1.1 Supergravity Background 

To find the supergravity solution dual to the noncommutative dipole theory we start with the 
lOD (with coordinates t, Xi, X2, X3, Wa, a — 1, ...6) type II supergravity solution describing N 
coincident near extremal D3- brane (with worldvolume coordinates t,xi,X2)- Now, following 
the prescription in [15], we first apply the T-duality transformation on the X3 axis. Then, 
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considering the "smeared twist" as we go around the circle of new ^3 axis (with radius Rq), 
i.e. the "twisted" compactification will accompany a rotation between Wi, ...,wq by a matrix 
Mab in the following way ■.(t,Xi,X2,x-i,Wa) (t,Xi,X2,X3 + 2'kRq,J21^-^^ MabWh), in which 
M is an clement of the Lie algebra 5*0(6). After the smeared twist we finally apply the 
T-duality on the 2:3 axis. 

With a proper choice of M the dual super gravity solution used to describe the super sym- 
metric noncommutative dipole field theory is [15,16] 

dslo = -dt^ + dxj + dxl+ ^ ' 




l + B^U^sin^ 61 sin^ 62) 

dU' + U'dnl - U'B' sin^ 9, sin^ g «3ci^3 + a,de, + a,de, \ 
5 'l + ?7252sin^^isin^^2y 

2^ ^ I o ^ g, U^B sin^ 6^ sin* 62 , . 

1 + U^B^ sin* 618111^2' l + ?7252sin^^isin^^2' ' 

in which 03 = cos^^4, = — sin ^3 cos ^3 sin ^4, and 05 = sin^ ^^3 sin^ ^4, where 9i are the 
angular coordinates parameterizing the sphere 5*^ transverse to the D3 brane. The value 
"S" in (2.1) is proportional to the dipole length "f defined in the "non-commutative dipole 
product" in section I. 

2.1.2 Spectrum of 0++ Glueball 

Consider first the 0+"'" glueball mass. In the super gravity description we have to solve the 
wave equation of dilation : 

a^(e-2^V^^^'^a.$) =0. (2.3) 
We look for ^j-independent solution of the form 

* = pWe-, k,^[-^,0,0,^)^ (2.4) 

The momentum is given by the Lorentz boost of the rest frame momentum fc^ = 
(M, 0,0,0). In other words, we consider the dilaton equation in the moving frame with 
the velocity /3 in unit of the light velocity, as that in the Moyal noncommutative theory [13]. 
Note that the dual string in a background with NS-NS B field is somewhat analogous to the 
situation when a charged particle enters a region with a magnetic field. Thus, the string will 
be moving with a velocity. The necessary to consider the moving dual string was first found 
by Maldacena in investigating the Wilson loop in Moyal-type noncommutative theory [19]. 
Later, it is known that the similar property also shows in the noncommutative dipole theory 
[16,17]. 

The equation for p becomes 

du {u'VT+mP dup) + ^'^^^/_+^f^' (1 + B^U^)) p = 0. (2.5) 
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To proceed, we let U — ^/y and above equation becomes 

d, d,p) + ^l^l^p (l + B'y)) p = 0. (2.6) 

Next, we define By = and above equation becomes 

(e^^vT+i^ d,p) + Ml^^/T^ (1 _ ^e^) p ^ 0, (2.7) 

in which 7 = ^/l — (5'^. As we will solve above differential equation by the semiclassical 
WKB approximation we first define the wavefunction 



^{z) = ^f{z) p{z), with f{z) = e^^VTT^, (2.8) 
then the wavefunction ^(2;) will satisfy the equation 

In the WKB approximation we know that 

1\ 



n+-)7r= dz^/vXz), (2.10) 



2. 

in which zq is a turning point determined as following. Consider the case with M ^ 1 we 
have the approximation 

The two turning points are therefore at ;s = — 00 and Zq where 



1 + 



zo^eni '--^ 1 . (2.12) 

4M2B2 / 

The mass spectrum evaluated from the WKB approximation in the case of M ^ 1 after 
performing the integration in (2.10) becomes 

(«4).^^(i.f^), 

which implies the following spectrum of the O"*""*" glueball: 



25^7 



/ 25 
(2n+l)7r+ W(2n+l)27r2_ _ 



(2.14) 



The dipole length B and velocity factor 7 in there now play the intrinsic scale which reflects 
the discrete spectrum. This property is like that in [13] in which Nakajima et. al had 
seen that the Moyal noncommutativity could introduce an intrinsic scale in glueball discrete 
spectrum. 
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2.1.3 Spectrum of l"" Glueball 

Consider next the 1 glueball mass. In the supergravity description we have to solve the 
wave equation of antisymmetric tensor field Aj^^, : 

-^d,, (v^ a[^.A^3M4] 9'''' 9''' 9''") - ^^9''" 9"'"^,,,, = 0. (2.15) 

As before we look for ^j-independent solution of the form 

V = P,AU)e^'-', k, = (^j^, 0, 0, ) ■ (2.16) 

In searching the 1 glueball spectrum we let p^y{U) = p{U) 8^18^2 [10] and the equation 
for p becomes 

* hrhm - ((^ ^-^^^)) - t) - °- '"^^ 

To proceed, we first let U — ^ and then define By — e^, the above equation becomes 

_a.,)^^_(l_,e')p^O. (2.18) 
In the semiclassical WKB approximation the wavefunction ^{z) defined by 

^{z) = ^)p{z), with /(^) = -^=L=, (2.19) 
will satisfy the equation 

In the case with M ^ 1 we have the approximation 

V-«^^ffl + ^)e-'-f. + ^)). (2.21) 



The two turning points are therefore at z = —00 and zq where 



1 + 



3 



zo^ini ~ '^^f . (2.22) 

As before, the mass spectrum evaluated from the WKB approximation in the case of M ^ 1 
becomes 
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which imphes the following spectrum of the 1 glueball: 

1 



M 



25^ 



(2n + l)7r + W(2n + l)27r2_ 



134 



(2.24) 



The dipolc length B and velocity factor 7 in there also play the intrinsic scale which reflects 

the discrete spectrum. 

As the dipole length in the 4D supcrsymmctric dipole theory plays the intrinsic scale we 
could not sec how it will affect the glueball spectrum we will in next subsection investigate 
the 4D non-supersymmetric dipole Theory. 



2.2 4D Non-supersymmetric Dipole Field Theory 
2.2.1 Supergravity Background 

To consider the non-supersymmetric 4D dipole theory at zero temperature we shall consider 
the supergravity background which is constructed form near-extremal D4-brane solutions, 
instead of D3-brane. Follow the prescription of 2.1 we can find the proper background which 
is described by [17] 



1/3 \ 

1- -^]dt'^ + dw^ + dx^ + dy^ + 



dz'' 



C/3 



1/3/2 



u? 



-1 



JJ3/2 



Bzff, — 



1 + B^U^ sin^ 9i 
ai U^Bsm^i 



(2.25) 



(2.26) 



1 + 52 C/2 sin^ ^1 ' 1 + 52 C/2 sin^ ^1 ' 

in which 02 = cos ^3, 03 = — sin 62 cos 62 sin ^3, and 04 = sin2 62 sin^ 6*3, where 6i are the angu- 
lar coordinates parameterizing the sphere transverse to the D4 brane. The temperature 
is related to t/y by 

T = —Jui. (2.27) 
47r ^ 

The value "S" in (2.25) is proportional to the dipole length defined in the "non- 
commutative dipole product" in section I. 



2.2.2 Spectrum of 0++ Glueball 

To consider first the O"*"^ glueball mass in the supergravity description we have to solve the 
wave equation of dilation in (2.3). As before we look for ^j-independent solution of the form 

$ = p(t/)e*fc-, A;^=(A;o, 0,0,0), (2.28) 
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and glueball mass = k^. The equation for p becomes 

du (Vl + 52^72 (U^ - Upj Udup) + Vl + 52^72 U M^p = 0. 
To proceed, we let U — and above equation becomes 

dy(^^l + B^y (yl - y|) y dyp^ + + B^y p ^ 0. 

Next, we define y = yxil + e^) and above equation becomes 



(2.29) 



(2.30) 



{f{z) d.p) 



1 + B^y (1 + e^) p = 0. 



where 



f{z) = yr+SV(l+^ ((1 + e'f^ - 1) e-^A/r+i^. 



(2.31) 



(2.32) 



In the scmiclassical WKB approximation we define the wavefunction ^{z) = y f{z) p{z) and 
the wavefunction ^' will satisfy the equation 



J2z 



lf"(z) ^Iff'iz) 



4v/y? ((1 + e^f - 1) VT+^ 2 f(z) 4 V f{z) J ' 

(2.33) 

In the case of M ^ 1 the two turning points determined by the function V{z) are at 2; = —00 
and Zq where 



2^0 ~ 2 in 



16A /16A\ 52 
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9 / 8 



A = 



M2 
4vW 



(2.34) 



As before, the mass spectrum evaluated from the WKB approximation becomes 

r.^/I+Fo 



n + 



-^TT — [ dz 

2 J J-oc 



Ae2^ 



2V\ 



^ ((1 + e-f - 1) VTT^- 

20Fr (7/6) 



= 2Va / 

Jw=l 



- 2, 



16A /16A\\B2 



r (2/3) 

which implies the following spectrum of the 0+"'" glueball: 

/ 



(2.35) 



M ^ (n+ - ]n'T 



r (2/3) 

20Fr (7/6) 



. r(2/3) 
6 20Fr(7/6) 



TT 



(2.36) 



Therefore we see that the dipole has an effect to produce attractive force between the gluons 
within the glueball. 
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2.2.3 Spectrum of l"" Glueball 



Consider next the 1 glueball mass. In the supergravity description we have to solve 
the wave equation of antisymmetric tensor field Aj^^, in (2.15). As before we look for 9^- 
independent solution of the form 



V = PM-(t^)e''", A;^ = (fco, 0,0,0). 



(2.37) 



In searching the 1 glueball spectrum we let p,j,v{U) — p{U)S^i6i,2 [10] and the equation for 
p becomes 



'u 



, (U^ - ^1) du^ + , ^ (Wil- ^B^U^) - ^U^) p^O. (2.38) 



As before we let U — y^, y — yr(l + e^) and define '^{z) — f{z) p{z), then the above 
equation becomes 



^"{z) + V{zMz) - 0, V{z) = Vo{z) - + I 



(2.39) 



where 



^o(^) 



^2z 



1/4 2z 



((1 + e-)'/' - l) (1 + e-) 3 ((1 + e-)3/2 _ i) (1 + e-) 



1/4 



((l + e^)'/'-l). 



(3.40) 



(2.41) 



^l + SV(l + e") 

As before, in the case of M ^ 1 we can determine the two turning points and the mass 
spectrum of the 1 glueball evaluated from the WKB approximation becomes 



M = ( n + ^ ) TT^T 



r (2/3) 

20Fr (7/6) 



1 - 



28^2 r(2/3) 
9 20Fr (7/6) 



n + 2 1^ 



3/2N 



(2.42) 



Therefore we see that the dipole has an effect to produce attractive force between the gluons 
within the glueball. 



3 Baryon in Dipole Field Theory 

The dual baryon configuration suggested in [7,8] contains two contributions. The first is the 
string stretched between the boundary of the AdS^, space and the second is the D5-brane 
wrapped on the 5"^. They are of the same order and we should consider both of them. 
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The action for a static D5-brane wrapped on dipole deformed in (2.1) is 

1 ^ TNUo 



Jdx'e-^^^'-^ + 0{B% (3.1) 



in which we neglect the terms higher then order. Note that T is the time period and Uq 
is the location of the baryon vertex in the bulk. 

The N strings we considered is such that the strings end on boundary of the AdS5 space 
with radius L in a symmetric way. The string may be static or moving under the NS-NS B 
field, which are investigated in the follow. 

3.1 Static String Configuration 

The static string described by the Nambu-Goto action in the gauge 

t^T, z^a, U^U{z), (3.2) 



IS 

The total action is the summation of (3.1) and (3.3) and the variation of it under [/—>[/ -\-5U 
contains a volume term as well as a surface term. The volume term leads to 



^ "* = constant, (3.4) 



because the Lagrangian of action 5'^;'^ does not depend explicitly on z. The surface term 
yields the relation 

SU™^,U , ^ , (3.5) 



which implies that 



Using this relation and consider the constant in (3.4) as the value at Uq we find that 



U 



4 



i?4 (1 + S2[/2) 



16 (1 + B^U^) 

15 (1 + 52^72) m 



- 1 



(3.7) 



With the help of this relation the radius of the baryon could be calculated by 



/■ , f dU R^VTTmP i?2 , Jl + S2[/2y2 

L — dz — / — — = / dU , , = — dy , , 

J J d,U Juo jj^ Iiq {i+B^US)u^ ~ UoJl "2 /ig (l+B^C7g)y4 ~ 

^ ^' 15 (l+B2[/2)[/4 -1- y y 15 1+B2 [7^2/2 
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dx 



X 



2tt2 



B'U. 



(3.8) 



Substituting the relation (3.7) into (3.3) the part of the baryon energy that comes from the 
N string could be evaluated by the formula 



M, 



Fl 



27rA ^ 



, -11-^. 



(3.9) 



We can therefore use the equations (3.8) and (3.9) to find the value of Mpi which becomes 
the function of baryon radius L. 



3.1.1 Small Bciryon : Minimum Radius 

A numerical evaluation of (3.8) is presented in figure 1. 

L 

0.28 
0.27 
0.26 
0.25 



10 20 30 40 



UO 



Figure 1. The function L{Uq) at B = 0.2. We see that baryon has a minimum radius. 



Thus we see that the baryon with a dipole will has a minimum radius. The existence of 
the minimum radius could also be directly analyzed from (3.8). 

In the limit oi Uq ^ oo eq.(3.8) gives the following approximation 



B^U^ 



Uo Jo BUo^Jf^ 



x^ 



i?2Ssin-M 



(3.10) 



Thus the minimum radius is proportional to the dipole length B and \fN (note that — 
AttN). However, it shall be noticed that, form figure 1 we see that the real minimum value 
of the baryon radius is less then above value. 
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3.1.2 Big Baryon 

The big baryon with large radius L is that with small Uq. At small value of Uq the equations 
(3.8) and (3.9) could be approximated as 



1 

dx , 

V 15 



= + B'U' / dx 

4 ^ Jo 



3/2 



0.481 + Q.^MB'^Ul 

dy 



1 



(iy^-i) 



3/2 



27r 



0.284 + 0.398B2t/n^ 



27r' 



(3.11) 
_ 

27r 
(3.12) 



We can use (3.11) to express Uq as function L 



Ua 



L 



0.481 + 0.2305' 



L2 



Substituting above relation into (3.12) and (3.1) we finally find the baryon energy 



ZTT 



0.224i?2 0.063i?^ 



L3 



(3.13) 



(3.14) 



in which Md^ is the energy contribution from D5 brane in (3.1). Above results tell us that 
dipole could produce an attractive force between the quarks to reduce the baryon energy. 

As mentioned in section II, the string in a background with B field is somewhat analogous 
to the situation when a charged particle enters a region with a magnetic field. Thus, the 
string may be moving with a velocity. So let us consider the case with moving string in 
below. 



3.2 Moving String Configuration 

The moving string we considered is described by the gauge [20] 

t = T, 03 = cut, z = a, U = U{z). 
The Nambu-Goto action in this gauge is 



(3.15) 



T f 



C/2 1 + S2t/2 



BuU^ 



(1 + B^U^) J 1 + B^U^ 



(3.16) 
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As before, the variation of volume term gives 



+ , , p„„9 ^ constant, (3-17) 



because the Lagrangian of action 5"^^ does not depend exphcitly on z. The variation of 
surface term gives 

(dzUo? = 7 — STTT- (3.18) 

Using this relation and consider the constant in (3.4) as the value at Uq we have a relation 

U,) ^^^^ ^ V J 

Using above relation we will determine the angular velocity cu. 
In the limit U ^ oo above relation becomes 



(dzuy 



/I5(l+B2t;2)_i6^ 

4 R?{l+B-^U^) ^ 1+BHJ^ B 



(3.20) 



Thus, if the bracket term in above equation is zero then, for the fixed values of Uq and B 
there will have a minimum radius L as can be seen from the relation L = J dz = J which 
has been used in (3.8). While the dipole has effect to produce attractive force the baryon 
with small radius will therefore has less energy. Thus the least energy of dual moving string 
will rotate with an angular velocity which is the solution by letting the bracket term in (3.20) 
to be zero. This property give a very simple relation between angular velocity uj and dipole 
length B : 

1 ^R2 ttA 

16 i?4 ^ ^ 

Substituting this relation into (3.19) we also find a very simple relation 



4 



16U^ _ ^ 



(3.22) 



This relation is just (3.7) while let S = 0. Thus we find that a moving string has the same 
result as that without dipole field. This seems a surprise property at first sight. The reason 
behind it may be argued as following. 

The dual string in a background with B^e^ field is somewhat analogous to the situation 
when a charged particle enters a region with a magnetic field. Thus, the string will be rotating 
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along ^3 with a constant angular momentum uo which is proportional to the strength of the 
NS-NS field, as shown in (3.21). The configuration described in (3.15) has a binding energy 
(it is negative) from B field which will be just canceled by the kinetic energy (it is positive) 
from the moving. Thus the moving dual string does not depend on the value of dipole field 
and we have the same result as that without dipole field. 

For clear we plot in figure 2 the baryon energy calculated from static and moving strings. 




Figure 2. The baryon energy calculated from static string ( in solid line ) and moving string 
(in dashed line) at B — 0.2. We see that a small baryon could be found in the dual moving 
string which then transit to the static string configuration of big baryon. 

In conclusion, as the static string configuration shows an attractive force the baryon will 
therefore be in the static string configuration which, however could exist only if it has a 
radius larger then a critical value. A small baryon could be found in the dual moving string 
which is that transit from the static configuration as shown in figure 2. The transition is 
first order as the energy of the two configurations at transition radius is discontinuous. 



4 Conclusion 

In this paper, we first follow [10] to investigate the glueball spectrum in the supersymmetric 
and non-supersymmetric 4D non-commutative dipole gauge theory from the holographic 
description. To find the analytic formula of the spectrum of O"*"^ and 1 ghicball we 
adopt the semiclassical WKB approximation to solve the dilaton and antisymmetric tensor 
field equations on the dual supergravity backgrounds, respectively. In the supersymmetric 
theory we see that the dipole length plays the intrinsic scale which refiects the discrete 
spectrum therein. In the non-supersymmetric theory, the temperature (or the radius of 
compactification) in there will now play the intrinsic scale and we see that the dipole has an 
effect to produce attractive force between the gluons within the glueball. 
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We next study the baryon energy following the method in [8]. To study the confining 
force between the quarks within the baryon we consider the strings that "hang" into the 
dipole deformed AdS geometry and regarded the baron vertex as the strings and fivebrane 
which are described in terms of separated actions. We first consider the string as a static 
configuration and find that the baryon could only exist if it is larger then a critical radius. 
We see that the dipole could also produce an attractive force between the quarks. We next 
consider the string as a configuration moving with an angular velocity. We find that the 
angular velocity is proportional to the NS-NS B field. After the evaluation we find that the 
baryon has two phases in which a big baryon is dual to the static string while a small baryon 
is described by a moving dual string. The phase transition property is like that in our study 
of the Wilson loop of non- commutative gauge theory form dual string description [20]. 

Finally, the baryon vertex constructed by Callen et.al. [9] is considered as the D5 brane 
wrapped on an on which N fundamental strings terminate and they are dissolved in it 
[7]. While the method could be used to investigate the more details of the baryon vertex 
the mathematics therein is quite involved. It is interesting to see how the property of phase 
transition from small baryon to big baryon would be shown in the Callen method. We will 
investigate this problem in the next paper. The properties of glueball and baryon on the 
other dipole field deformed background [21] are of interesting and remain to be studied. 
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